Recent increases in engineering enrollments have spurred interest in developing course structures that can increase both the efficiency and effectiveness of course delivery. This need is particularly acute in project and lab-based courses. One potential model is to convert the traditional learning environment to an internet-based e-learning system. Such an e-learning system can be structured to be essentially independent of class-size, time, and geographic location. Online courses also mimic the realities of industrial projects in that teams of global multidiscipline engineers interact via the internet. Universities are engaged with trying to replicate this online, multidisciplinary experience for their students.
Introduction
Multidisciplinary projects pave a way for students to interact with others and learn to work on real-world problems as a team.
1 Olsen et al., have elaborated on the evolution of interdisciplinary curriculum strategies as a part of integrated design experience. 2 Reeves et al., have discussed various student engagement techniques to multidisciplinary online engineering laboratories. 3 Interdisciplinary projects are important to develop communication and interpersonal skills in students. 4 ABET accreditation requires that students work in multidisciplinary teams.
Online learning has received great visibility since its inception. It is an excellent way to provide students with course content in multidiscipline classes. Online courses have experienced increased student enrollment from 10% to 29% over the last decade. 5 The advantages of online learning include: increased flexibility in working time, reduction of cost and time of commuting, accommodation of more students, efficient way of learning and testing, and decreased student to teacher ratios. The literature reports outcomes of various online course, specifically the metaanalyses comparing online and face-to-face courses reveal that there isn't any difference between the overall structures in the two types of courses, but there is a difference in the outcomes of the courses. Various authors have reported both the best and worst outcomes of various online courses compared to face-to-face courses, where positive outcomes are strong compared to the negative ones.
The positive outcomes of online courses have led educators and researchers in engineering education to continue expansion of online learning from K -12 educations to higher education.
A series of technology-based classroom initiatives such as Carnegie Mellon's Open Learning
Initiative, Western Governors University, and National Center for Academic Transformation has received attention from postsecondary educators. 6 In Jaggar discusses how underprepared and low-income students could benefit from the online education, in terms of academic outcomes like student's course enrollment, completion of the course, and performance. 6 Allen and Seaman use the term "online" for completely online courses and "hybrid" for partially online courses. 5 A hybrid course is also referred as a blended or flipped course. Frolik et al., discuss how multiple universities can collaborate to develop portable and adaptable online course content to cater to a large volume of students. 7 Bozkurt et al., have developed a framework to structure methodology for the design, development and delivery of either a brand new online course or one modified from an existing face-to-face course. 8 Smith and Mitry concluded that e-learning will never reach its true potential if course administrators dilute the academic standards. 9 Berry presented research to compare the efficiency of offering an electrical systems course online compared to the regular course structure. 10 Most of the online courses reported in the literature are limited to theory courses in Science, Technology, Engineering, and Math (STEM) fields. This paper discusses the transformation of a project and lab-based course from completely face-to-face to a hybrid (or blended) to a completely online structure, and reports various findings and struggles faced during the process.
Detailed description of the engineering course chosen for the study and multi-disciplinary nature of the course with respect to projects, team work and departments is explained in the methodology section. Outcomes of various assessments and surveys conducted during the course transformation are discussed in the results and discussion section. Recommendation and implications of online e-learning system in engineering education are included in Section 5.
Methodology
Transition of a project-based course from traditional methods to hybrid to Internet based elearning systems is discussed in this paper. Applications (VBA) with a lecture session to introduce programming and engineering concepts, and a lab session to give hands on experience for programming to the students.
The course instructor handles the lecture sessions and lab sessions are handled by the Graduate Teaching Assistants (GTAs). The course enrollment number varies from semester to semester, anywhere in between 300 to 500 students. Based on the enrollment number, the count of GTAs varies from 10 to 16. The class is divided into sections of 20 students each with 2 GTAs per lab session, where a primary GTA runs the lab and a secondary GTA helps the students. Help sessions are conducted by GTAs at least for 20 hours a week, to assist students on projects, quizzes, and exams. In addition to help sessions, Structured Learning Assistants (SLAs) hold after hour help sessions for any additional help. SLAs are undergraduate students who enrolled and excelled in this course in the past are hired to run help sessions to assist students with their projects and quizzes. Interactive online discussion forums are set up on Desire2Learn (D2L) site for any quick help on the projects. D2L is a learning management system used at Oklahoma State University. The course schedule from Fall 2014 is attached in Appendix A.
Students are assigned a final grade based on their attendance and performance on projects, quizzes, midterm and a final exam. Being a multi-disciplinary course, projects and quizzes are designed to introduce principles from various engineering disciplines to the students. Some of the concepts from the past include, Reynolds number, stress -strain curve, parallel and series electric circuits, binary and decimal conversions, friction factor, vapor pressure models, model development using population balance modeling and dimensionless numbers. Projects are worth 50 or 100 points based on the difficulty level and content. Quizzes are worth 50 points, the midterm is worth 100 points and the final exam is worth 200 points. A group project is assigned towards the end of the semester, where students are encouraged to work as a group of 2 or 3.
This group project helps students from various departments to interact and brainstorm on a problem, which reveals another dimension to the multi-disciplinary nature of this course. Table 1 shows the transition of ENGR 1412 from regular to hybrid to a completely online course structure. This paper uses the term "regular" when both lecture and lab sessions are face-to-face and exams are conducted on paper, "hybrid" when the lab session is face-to-face, lecture is combination of both in class and online videos and exams are conducted completely online, and "online" when both lecture and lab sessions and exams are completely online. This transition was done in step-by-step fashion in order to gauge student response and performance in incremental fashion. There was a change of instructor in Fall 2014. The course was offered in a regular way until Fall 2014 along with posting a few short YouTube type videos demonstrating various components of MS Excel and VBA programming. These videos were welcomed by students, mainly because they were able to watch them again and again and use these videos as a reference when preparing for their quizzes and exams. As a result, these videos were repeatedly used every semester and students gave positive reviews as well. The enrollment number increased to 500 during Fall 2014, when grading and maintaining midterm scores for all 500 students became cumbersome. In order to make the system efficient, the final exam during the Fall of 2014 was conducted in the form of multiple-choice questions (MCQs) using Optical Mark Recognition (OMR) sheets. Grading and maintaining scores are automated when the exam was taken using OMR sheets. When the exam is done in the form of
MCQs, it is difficult to assess student's capability in computer programming. So both the midterm and final exam were taken online during Spring 2015 using the D2L online quiz feature.
The exam was made of MCQs, long answer programming questions, and true or false in order to test student's programming abilities and conceptual knowledge. Thus, we were more able to assess the students' programming knowledge. 
Online Hybrid Regular
Conducting exams online and the student's response to short videos gave enough merit for us to offer this course completely online for the Summer of 2015. Offering a lab-based course online isn't as common as any other theory course. But recent increases in engineering enrollments have spurred interest in offering lab-based courses online, so students can complete these courses while interning during the summer. Since the course was offered online for the first time, the enrollment for the course was capped to 20 students. Both lecture and lab sessions were recorded as a series of short videos and posted online every Monday. The research shows that the short videos are effective compared to the long videos. Students were able to watch all the videos and practice programming at their own pace. Since the course was offered for 8 weeks, a few changes like canceling the midterm and conducting finals for 100 points were made in the syllabus to fit the schedule, and projects were broken into smaller assignments. Students had assignments and assessments due every week to ensure they were keeping up with the pace of the course. Both lab and lecture videos were made short, typically less than 12 minutes to maintain student's attention. Help sessions were conducted using the Skype for Business tool, where students had face-to-face interaction and shared project documents with the GTAs. D2L
features like the online quiz, discussion board, and drop-box were utilized completely for the course. Table 2 shows the enrollment and average scores of projects, quizzes, midterms and finals in percentage from Spring 2013 to Summer 2015. The average midterm score from Spring 2015 is 5% higher than the midterm score of Fall 2014, this shows that the online exam is a better way of testing student's programming ability, compared to on paper exams. When programming questions on the exam are taken on paper, students tend to make spelling errors on syntaxes, and miss other steps such as necessary parentheses since they have no way to debug their program.
Results & Discussion
But these mistakes can be avoided and debugging gets really easy, when the programming questions are taken on the computer. This way students get to execute their programs and check for the desired output. The online exams showed a positive impact on the midterm, but the average remained the same for finals indicating that exams taken using the OMR sheet were similar to the online exam. The online exams also help in mitigating paper waste, making grading and maintaining scores time efficient and error free. The downside of conducting online exams includes technical glitches like server breakdown, poor internet service and logistics problems like exam proctor scheduling, and limited spots in testing centers. Table 3 shows the comparison of midterm scores of Fall 2014 and Spring 2015 using a single factor ANOVA test with 0.05 as significance limit. The null hypothesis is there is no change in average between online and on paper exams. The average of midterm scores increased by 5%.
With a F-score of 25.01, the p-value of 6.96E-07, a score that formed the basis to reject the null hypothesis and conclude that the online exam made a statistically significant difference on the performance of the students in the course. Table 4 shows the comparison of final scores of Fall 2014 and Spring 2015 using a single factor ANOVA test with 0.05 as the significance limit. The null hypothesis is there is no change in average between online and on paper exams. The average of final scores remained the same.
With a F-score of 0.708, and a resulting p-value of 0.7082, this formed the basis to accept the null hypothesis (state null hypothesis before this) and conclude that the online exam did not make a statistically significant difference on the performance of the students in the course compared to the exams taken using OMR sheet. However, the online exam is a better way of testing student's programming ability, whereas only conceptual knowledge can be tested in exams taken using the OMR sheet. completely online course structures suggesting that students were more effectively to able to attain course content in the online format, thus earning higher grades. In addition to the average scores, online surveys taken during the semester favored the short video lectures. Table 6 show that students used the videos on D2L quite often, mostly for their preparation for quizzes and exams. Students also used the sample projects, and other sample documents on D2L over the past semesters. These two pieces of feedback from the students strongly suggested that this course can be moved completely online with the help of short videos and features on D2L. The result was seen in Summer 2015, when students used the videos and documents on D2L extensively. Table 6 : Percentage of students used online videos and documents on D2L Table 7 shows students' response regarding effectiveness of video lectures compared to in-class lectures and their liking toward online exams. The recent survey taken during Fall of 2015 shows that the students prefer video lectures compared to in-class lectures because of the fact that they can watch it any time and any number of times as well. Students were quizzed on video lectures to make sure that they watch the video and understand the concepts. The survey also shows that students like online exams compared to on paper exams mainly because they are accustomed to programming and debugging on the computer and not on paper. Rate the video lectures on a scale of 1 to 5 --was it better compared to the in--class lecture? (1 being low and 5 being high)
How did you like the online exams on a scale of 1 to 5 --was it better than paper based exams? (1 being low and 5 being high) Question Table 8 shows students' response on their choice of course structure based on their experience during the Fall of 2015. The survey indicates that students like the hybrid course structure better than completely online one. They prefer video lectures and online exams, but they also prefer face to face lab and help sessions. A list of student comments from the online survey is attached in Appendix B. The comments reveal students liking the online class and video lectures more.
Conclusion
The process of transitioning a lab based course from a regular to online course structure is demonstrated in this paper. Exam scores, grades and student surveys are used to evaluate the effectiveness of the online learning system. The transition from paper-based examinations to online examinations has increased the class average on an exam by 5% for a class of 310 students. The number of Cs, Ds and Fs has decreased when the course followed a hybrid course structure. The students' opinion of online exams and video based lectures are recorded over a period of time, which indicates a positive impact on both online exams and video lectures. The students find the video lectures extremely helpful, as they can review the lecture content as needed to understand the concepts. Finally, students registered their opinion on online and hybrid course structures. Students found video lectures and online exams more rewarding and would prefer lab and help sessions to be face-to-face sessions.
Implications for Engineering Education
The demonstration of a step-by-step transition of ENGR 1412 from a regular course structure to online as discussed in this paper, can be implemented to any lab based project course. The fact this methodology worked for a class of 300 -400 students affirms that this will work in other 
